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In a resonator structure, the axial field profile of a cold mode results from constructive superposition of 
reflected waves at both ends. For the gyromonotron oscillator, end reflections also constitute the feedback 
loop during the field build-up. The hot mode has essentially the same field profile &d oscillation frequency 
as those of the cold mode. The gyrotron backward-wave oscillator (gyro-BWO), on the other hand, employs 
a waveguide structure in which no cold resonant modes exist. In addition, the feedback loop consists of the 
forward moving beam and the backward propagating wave. End reflections in principle play no role in 
forming the gyro-BWO field. The field pattern of the oscillating mode must then depend entirely on the 
beam-wave interaction. Field forming processes as well as the resultant axial field profile m the gyro-BWO 
are thus expected to be fundamentally different from those of the gyromonotron Indeed, a recent study [I] 
has shown that the field in the gyreBWO contracts nonlinearly as the beam current builds up. Here, we 
examine the mechanisms for the formation of the axial modes in the gyro-BWO in the linear regime. 
An interaction waveguide with an upstream taper is shown to yield an electronic efficiency almost twice 
that in a uniform waveguide [I]. However, to avoid complications arising from a tapered end, we model the 
basic gyreBWO circuit with a uniform waveguide. The length 0.) and radius (rw) of the waveguide are, 
respectively, 12.5 cm and 0.2654 cm. The electron beam voltage is 95 kV with a = 1.1 and guiding centers at 
0.35 L. It interacts with the TEI1 waveguide mode at the fundamental cyclotron harmonic. The grazing 
magnetic is 13.07 kG. Figure 1 displays typical field profiles for the first four axial modes at their respective 
start-oscillation current. Figures 2, 3, and 4 show, respectively, the transit angles, start-oscillation frequencies, 
and start-oscillation currents of the four axial modes as functions of the uniform dc magnetic field (Bo). The 
transit angle A is defined as A = (o -t k,v,, - Q,) z , where R, is the relativistic electron cyclotron frequency 
and z is the transit time of the electrons at their initial velocity x,,. 
Unlike the gyromonotron for which the oscillation frequency assumes discrete values, the gyro-BWO 
can oscillate at a continuous range of frequencies. Hence, as the beam current rises from below the 
oscillation threshold, oscillations will first start at a frequency for which the interaction is the strongest. This 
occurs at a discrete set of values given by A % (21 - 1) IT with i = 0, 1,2, . . .Thus, as shown in Fig. 2, transit 
angles of the first four axial modes are given by the first four optimum values of A, which also explains the 
filed profiles shown in Fig. 1. For each axial mode, the start-oscillation frequency (Fig. 3) varies with the 
magnetic field such that A remains at the optimum value (Fig. 2). Clearly, start-oscillation field profiles and 
frequencies of the axial modes of the gyro-BWO are determined by the optimum conditions for the 
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beam-wave interaction, rather than by cavity resonances as in the gyromonotron. As a consequence, higher 
order axial modes always require higher start-oscillation currents regardless of the dc magnetic field (Fig. 4), 
since the interaction strength decreases with the axial mode number I . This is again in sharp contrast with the 
gyromonotron for which any higher order axial mode can have the lowest start-oscillation current at a certain 
range of the magnetic field. Physical consequences of such unique characteristics on the operation of the 
gyreBWO will be discussed. 
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Fig. 1. Field profiles of the first four axial modes 
at Bo=14.5 kG and currents slightly above the 
respective oscillation threshold. 
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Fig.3. Start-oscillation current I,, versus the 
magnetic field Bo for the first four axial modes. 
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Fig.4. Start-oscillation frequency versus the 
magnetic field Bo for the first four axial modes. 
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